INTRODUCTION
The Occupational Safety and Health Act of 1970 (29 US C. § 651 et seq.; 29 C.F.R. Part 1903.1 et seq.) directed the secretary of the Department of Health, Education, and Welfare to conduct research, experiments and innovations that call for inventive methods, techniques, and approaches for dealing with occupational safety and health issues. The National Institute for Occupational Safety and Health (NIOSH) was created to assume these duties, and one of its responsibilities was developing a national occupational safety and health surveillance system. Since 1984, NIOSH has developed and maintained the NIOSH National Occupational Mortality Surveillance (NOMS) system. Originally developed in collaboration with the National Center for Health Statistics (NCHS), the National Cancer Institute, the US Census, and the State health departments, it is now maintained solely by NIOSH. NOMS is designed to facilitate the epidemiologic analysis of US occupational death data and to produce timely national US occupational mortality statistics for acute and chronic disease for the purpose of surveillance [Melius et al., 1989] . The NOMS project provides periodic surveillance of acute and chronic occupational disease and injury mortality by industry and occupation. During the last 25 years, findings based on NOMS data have been used in more than 140 peer-reviewed publications and have contributed to the development of national occupational health policies Blair et al., 1993; CDC, 1995; Burnett et al., 1997; Savitz et al., 1998; Colt et al., 2001; Luckhaupt and Calvert 2008; ILO, 2010] .
The availability of occupation and industry-coded death data from 30 US states for the years 1999, 2003-2004, and 2007 and earlier data 1985-1998, recent updates to the NOMS database and refinements to the proportional mortality ratio analysis system (PMRAS) permitted the present analysis of NOMS data for 1985-1999, 2003-2004, and 2007 . Recent updates to the database included adding the edited file updated with NCHS causes of death and demographic codes for 1999, 2003-2004, and 2007. (Mortality data containing industry and occupation narratives for 2000-2002 and 2005-2006 were not available.) The purpose of the analysis on which this report is based was to use the updated NOMS system to report and interpret any elevated proportionate mortality by occupation and industry for 1985-1999, 2003-2004, 2007 in order to generate hypotheses about preventable occupational exposures or conditions that can cause acute and chronic disease and cancer. We conducted proportionate mortality ratio (PMR) analysis for 550 occupations, 310 industries, and 250 cause of death categories.
The primary objective of this report was to further evaluate proportionate mortality ratios (PMRs) for two causes of death (leukemia and acute myocardial infarction) by occupation and industry, race, gender, and ethnicity, using the criteria of statistical precision, biological plausibility and comparison with previously published reports. Leukemia and acute myocardial infarction, two diseases that are often fatal, were selected for study because reports of mortality due to these two diseases by industry and occupation are limited to known leukemogens (benzene, cytotoxic drugs, or ionizing radiation) [Kipen and Wartenberg, 2005 ] and cardiotoxins (carbon disulfide, solvents, or carbon monoxide) [Fine and Rosenstock, 2005] . Additionally, leukemia (and non-Hodgkin's lymphoma) has been associated with pesticides and formaldehyde [Cantor et al., 1992; Beane et al., 2009] . As a secondary objective, the recent improvements to the NOMS database, the refined NOMS PMRAS, a new internet-based system for coding occupation and industry, and the updated NOMS queriable internet website are described.
MATERIALS AND METHODS

Study Population and Data collection
The NOMS database is populated with data collected from death certificates that are filed in state registration offices at the time of death, and transmitted to the NCHS. These data were shared by NCHS and the states with NIOSH for the NOMS study. No personal identifiers were collected or maintained in NOMS. Variables in the NOMS database include underlying and contributing causes of death, usual (i.e., longest held) occupation and industry, age, date of birth, date of death, state, race, gender, education, and ethnicity. Because race, gender, ethnicity vary by occupation and by cause of death, stratification on race and gender helps to control confounding and associated disparities in outcomes [Kogevinas et al., 1997] 
Cause of Death on the Death Certificate
Underlying and contributing causes of death are entered on the death certificate by the attending physician, medical examiner, or coroner [NCHS, 2003] . Demographic and cause of death data were coded and edited by NCHS using standardized rules for demographic [NCHS, 2012] and medical classification (record axis) according to the applicable revision of the International Classification of Diseases [WHO, 1978 [WHO, , 1992 .
Occupation and Industry on the Death Certificate
Usual occupation and industry are recorded on death certificates by funeral directors, medical examiners, or coroners, based on information supplied by next of kin or others. These data are important in the surveillance of acute and chronic occupational illnesses, because usual or lifetime occupation and kind of business or industry are used as indicators of work-based exposures. In the NIOSH guidelines document, usual occupation is defined as the type of job performed during most of the decedent's lifetime or is the job held for the longest time; and industry is defined as the type of business where the individual worked related to the usual occupation. The guidelines were recently updated and reissued to improve quality and consistency of occupation and industry information on death certificates [Robinson et al., 2012] and were widely disseminated to funeral directors, medical examiners, coroners, and others with responsibility for the accuracy of the US vital statistics registration system.
Coding and Quality Control of Industry and Occupation
For purposes of analysis, occupation and industry variables require standardized coding for use in mortality studies. The narrative text entered onto the death certificate for usual occupation and industry was coded manually by state health departments and/or NIOSH using the Census classification system [US Bureau of the Census, 1982 Census, , 1992 Census, , 1998 Census, , 2003 until 2006 when computerized coding became available. Quality control of occupation and industry coding is performed at NIOSH by trained coders and the coding specialist. The overall error rate range for the states (Fig. 1 ) that coded occupation and industry for 1985-99, 2003-2004, and 2007 was 5-10%. For more information about the NIOSH Industry and Occupation Computerized Coding System (NIOCCS), see the AJIM journal website.
Proportionate Mortality Ratio Analysis System (PMRAS) 2011
The NOMS PMRAS was designed to calculate PMRs by usual occupation, industry, or cause of death, specifically for population-based data [Dubrow and Spaeth 1987; Ju and Robinson, 2011] . In 2011, PMRAS was developed as a personal computer (PC)-based system in order to provide an efficient statistical analysis for NOMS data collected after the Tenth Revision of the ICD was implemented in 1999 [WHO, 1992] . PMRAS can accommodate both Ninth and Tenth revision cause of death codes used in the same study over the period 1984-2007 and beyond. In contrast to the mainframe based version, the PC-based PMRAS contains the following advantageous features: it is written in SAS statistical software and utilizes a Server database that uses a structured query language to record all the activities in the system [SAS, 2009] . PMRAS computes PMRs by comparing the observed number of deaths from a particular cause in an occupation or industry group with the expected number of deaths from that cause based on the proportion of all deaths due to that cause in a standard population, and age adjusts after stratification on age, race, gender, and ethnicity . The standard population used in NOMS occupational mortality surveillance is the total number of decedents who resided and died in the US states included in the analysis. If the observed number of deaths was 1,000 or less, the 95% confidence interval (CI) was computed based on the Poisson distribution [Bailar and Ederer, 1964] ; otherwise, test-based CIs were calculated using the Mantel and Haenszel chi-square test [Mantel and Haenszel, 1959] .
Statistical Analysis
Two statistical analyses of the 11 million NOMS deaths that occurred in 30 US states during 1985-1999, 2003-2004, and 2007 were conducted. Both an underlying cause of death and a multiple cause of death analysis were done to identify any elevated mortality risks and uncover gaps in the knowledge of chronic occupational disease. For the NOMS study, causes of death were grouped into 250 categories of acute and chronic disease and injury using the Tenth Revision to the International Classification of Disease (WHO, 1992) . (Please refer to the Table IA-C available in the supplemental materials on the AJIM website). For the analysis, the Census industry codes were aggregated into 310 categories that were further condensed into ten industry sectors corresponding to those found in the NIOSH National Occupational Research Agenda (NORA) http://www.cdc.gov/niosh/nora/ [NIOSH, 2012] . The ten sectors included: agriculture/forestry/fishing; mining; oil and gas extraction; construction; manufacturing, trade; transportation/warehousing/utilities; services; justice, public order and safety; and health care/social assistance. The 310 analysis categories were cross walked through three revisions of US Census occupation and industry codes , 1990 and the North American Industrial Classification System 1997 [US Bureau of the Census, 1982 NIOSH, 2014] (Table IA-C available in the supplemental materials in the AJIM journal website or on request to authors). (A crosswalk is a table that shows equivalent elements or codes in more than one database) The Census occupation codes were aggregated into 550 categories that were cross walked through the same three Census revisions. Examples of the analysis categories used in the crosswalks are shown in Table I available on the AJIM journal website. The crosswalks provided comparability of occupation and industry categories between the revisions when several years of deaths are analyzed; for example, for this analysis, the deaths occurred across three revisions, the 1980, 1990, and 2000 censuses. In rare instances the death certificate did not provide useful occupation and industry narratives (<1% of deaths) and instead mentioned "unemployed," "part-time worker," "unknown," "unpaid," or "retired." These deaths were excluded from the analysis. In addition, all deaths with missing or erroneous data (<1%) in any variable were excluded as well.
Underlying Cause PMR Analysis
We produced age-adjusted PMRs for men and women by race and ethnicity age 18-64 based on the underlying cause of death for 550 occupation, 310 industry and 250 cause of death categories using the PMRAS computer program [Ju and Robinson, 2011] . We evaluated mortality patterns for 11 million decedents ages 18-90 that both resided and died in one of 30 US states during the period 1985-1999, 2003-2004, and 2007 (Fig. 1 ). To evaluate mortality over time, the analysis was stratified by three multiyear intervals (1985-1991, 1992-1996, and 1997-1999, 2003-2004, 2007) . We computed age-adjusted PMRs and 95% confidence intervals for all causes of death stratified by three age groups (18-54, 18-64, and 65-90 years) for White, Black, and Hispanic men and women by usual or lifetime occupation and industry (Table II) .
The present report provides PMRs for age 18-64 over the periods 1985-1999, 2003-2004, and 2007 and the three intervals described above for two major causes of death (leukemia, ICD-10 codes C92-95, C910-C913, C915-919 and acute myocardial infarction, ICD-10 code I-21) by ethnicity in White and Black males. PMRs for all occupations, industries, and age groups, analyzed for other cancer, chronic disease, and fatalities could not be listed due to limitations of space but interested investigators may view them at http://www.cdc.gov/niosh/topics/NOMS/ [NIOSH, 2014] .
Multiple Cause Analysis and PMR Charts
In addition to results presented in this paper, we used multiple cause PMR analysis to associate cancer and acute and chronic disease with 10-15 of the largest industries within each of the ten US industry sectors, all races and genders combined. All results for PMR charts may be found on the NOMS internet site [NIOSH, 2014] . More information about the NOMS multiple cause analysis and charts may be found in the supplemental materials on the AJIM journal website.
Adjustment for Smoking
In this study, acute myocardial infarction PMRs were adjusted for smoking using data from the National Health Interview Survey (NHIS) and the American Cancer Society's Cancer Prevention Study II [Thun et al., 2000] . The statistical methodology is briefly described in the supplemental materials on the AJIM journal website.
The study protocol was reviewed by the NIOSH Human Subject Review Board and determined to be exempt because (i) it did not meet the criteria of research and (ii) the data did not contain personally identifiable information. In addition, the individual state Human Subject Review Boards reviewed and approved the study protocol.
RESULTS
As of 2013, the NOMS database contained a total of 11,076,221 deaths that occurred in 30 states over the period of 1985-1999, 2003-2004, and 2007 . The current study examined proportionate mortality patterns for the 10,933,823 deaths that occurred in 30 US states during the 18 year period ( (Table II) . PMRs were computed after the individuals whose occupation (or industry) was housewives or homemakers and whose industry was not reported were excluded. The entire results of our analyses of PMRs based on 250 underlying causes of death, 550 occupations, and 310 industries for [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2003] [2004] , and 2007 may be accessed online by occupation, industry, race, gender, and age group (18-54, 18-64, 65-90) at http://www.cdc. gov/niosh/topics/NOMS/ [NIOSH, 2014] . The statistically significant PMRs for leukemia and acute myocardial infarction whose confidence intervals excluded 100 and were greater than 115, based on a number of deaths greater or equal to 10, are shown in Tables III and IV by gender, race and ethnicity and three multi-year strata (1985-1991, 1992-1996, and 1997-1999, 2003-2004, 2007) .
Leukemia Mortality by Industry
Significant elevated age-adjusted leukemia mortality before age 65 was noted for several smaller industries within three sectors-manufacturing, service, and public safety (Table III) during . It was surprising that the highest leukemia PMRs were noted among the service sector. Black and White men employed in banks/savings & loans/ credit agencies experienced over two-fold significant excess risk. Black and White men in the public safety industry and White men employed in the insurance industry experienced significantly elevated leukemia mortality. Similarly elevated leukemia mortality was observed in the public administration industry among Hispanic, Black, and White males; and the machinery manufacturing industry (not electrical). In US population rates, men have a higher leukemia incidence and death rate than women; and, Black men have a higher death rate than White men [ACS, 2007] . This was consistent with NOMS data. (Table III) . When analyzed across the overall time period, all leukemia PMRs described above increased or stayed the same. Table III shows the highest significantly elevated PMRs for leukemia for a variety of smaller occupations within the three large categories of professional and specialty, management/business/finance, and protective service occupations. White male and Hispanic female operation specialty managers experienced significant excess risk. Black and White male engineers, White male electrical engineers and advertising/sales managers, and Black men who worked in the protective services occupations experienced significantly elevated proportionate mortality. When analyzed over time, all PMRs increased in strength and remained significantly elevated during 1999, 2003-2004, and 2007. 
Leukemia Mortality by Occupation
Smoking Adjusted Acute Myocardial Infarction Mortality by Industry
Significantly elevated smoking-adjusted PMRs for acute myocardial infarction were found for a variety of smaller industries in four sectors: manufacturing, mining, trade, and agriculture on Table IV. The highest PMRs were observed in Black men employed in the wholesale farm supplies industry, a new finding. White men employed in another farmingrelated industry, agricultural chemical production, also had significantly elevated proportionate mortality, which increased over the time interval 1985-2007.
Significantly elevated acute myocardial infarction mortality was found in several other industries within the manufacturing sector (Table IV) , that is, White female plastics and synthetic rubber workers, White male dairy production workers and yarn/thread/fabric mill workers. The textile industry experienced many deaths, and mortality increased over time. The mining industry displayed significantly elevated acute myocardial infarction mortality, specifically among Black and White male coal mining workers. These rates decreased over time in Black men; but increased slightly in White men. The Agriculture industry experienced significantly increased mortality that involved many excess deaths during each time period, particularly in Black and White male and Black female crop production workers.
Smoking-adjusted Acute Myocardial Infarction Mortality by Occupation
The highest age and smoking adjusted significantly elevated PMRs for acute myocardial infarction (Table IV) occurred among Hispanic and Black men employed as mechanics on industrial or refractory machinery. It is noteworthy that proportionate mortality for both increased strongly, rising to over a twofold significant excess during the most recent time period whereas male mining mortality risk decreased. White women who had been employed as textile/apparel/furnishings operators experienced a PMR of 128, with over 1186 deaths.
It's of interest that Black and White male farmers experienced significant excess acute myocardial infarction mortality with over 5000 deaths. Acute myocardial infarction mortality was also significantly elevated for Black female and Hispanic male agricultural workers (not previously reported) and Black male loggers. It is notable that all PMRs rose during the recent time interval, 1997-1999, 2003-2004, 2007 , except for Black female agricultural workers which decreased (Table IV) .
PMR Charts for Chronic Disease by Industry
Age-adjusted multiple cause PMRs were computed for single causes of death that included 23 sites of cancer and 17 chronic work-related disease categories for up to 15 of the largest industries within each industry sector and all races and genders combined. Multiple cause PMRs for selected chronic diseases and cancer for the period 1997 -1999, 2003-2004, 2007 may be accessed and viewed by other investigators in over 6000 PMR charts by industry sector on the NOMS website http://www.cdc.gov/niosh/topics/ NOMS/ [NIOSH, 2014] .
DISCUSSION
Acute Myocardial Infarction in Farming Occupations
Significant excess proportionate mortality for smokingadjusted acute myocardial infarction mortality was observed for farmers, crop production workers, and agricultural workers that persisted over time (Table IV) . Elevated risk in crop production workers has been previously reported in males but not Black females; although, a significant excess was reported in female spouses (race not specified) of farmers and pesticide applicators in Iowa and North Carolina but not males, during 1999 during -2003 during [Dayton et al., 2010 . Occupational cardiovascular risk factors in farm and office environments include shift work, extreme heat, cold, noise, carbon disulfide, nitroglycerin, carbon monoxide, and stress .
A significantly elevated prevalence of hypertension and abnormalities on electrocardiogram was found recently in Italian agricultural workers with noise-induced hearing loss exposed to pesticides and noise and vibration from farm machinery [Tomei et al., 2013] . These exposures may have contributed to the elevated acute myocardial infarction mortality in White and Black male and Black female crop production workers and White and Black male farmers observed in NOMS and other data [Blair et al., 1993; Cameron et al., 2001; Lee et al., 2002; Fleming et al., 2003] . As earlier studies based on NOMS data observed increased risk, it is puzzling that studies of male pesticide applicators in the Agricultural Health Study in Iowa, North Carolina, Minnesota and Hispanic California farmworkers have shown no associations with heart disease [Colt et al., 2001; Blair et al., 2005; Mills et al., 2006; Mills et al., 2009] . Regarding study overlap with the current NOMS data, only North Carolina deaths in these studies may have overlapped for 1999 and earlier years. It is interesting that a relationship with pesticide use and cardiomyopathy in male but not female North Carolina pesticide applicators was observed 1993-2007; but overall heart disease was not elevated [Waggoner et al., 2011] . In a study, using crop patterns as surrogates for exposure, greater risk for fatal acute myocardial infarction was reported in US counties with higher wheat production [Schreinemachers, 2006] .
It is possible that patterns of pesticide use, noise and vibration from farm machinery may vary with predominant crops grown in these states, potentially altering disease and mortality patterns. Further investigation in farm environments of potential exposures to cardiotoxins and acute myocardial infarction risk factors should be conducted.
Acute Myocardial Infarction Mortality in Manufacturing and Mining
Our study identified significant smoking-adjusted proportionate heart disease mortality risk among the agricultural chemical production and farm supplies (wholesale) industries, as well as dairy production, textiles/apparel, synthetic rubber, and refractory machinery workers. Elevated mortality in the agricultural chemical and farm supplies industry has not been previously reported. White male agricultural chemical production workers' proportionate mortality rose significantly in the most recent time period. This suggests that follow-up studies of the agricultural chemicals and wholesale farm supplies industries are needed to identify potential cardio toxins.
Our observation of a substantial number of excess deaths among yarn, thread and fabric mill workers, with risk that increased during the most recent time period may be associated with environmental exposures in textile or apparel mills such as dusts, shift work, and carbon disulfide. It is of interest that significantly increased acute myocardial infarction mortality in a garment workers cohort exposed to formaldehyde was observed after 20 years exposure [Pinkerton et al., 2004] . Elevated heart disease has been observed among blue collar workers in the textile, rubber, plastics, machinery and other chemical production, and manufacturing industry workers [Price, 2004; Fine and Rosenstock, 2005] .
The silica dust exposures of Swedish miners were thought to be a potential cause of their risk for ischemic heart disease [Weiner et al., 2007] . This may help explain our observation of significantly elevated acute myocardial infarction risk among men employed in the coal mining industry in this study.
Higher smoking prevalences have been reported among mining and manufacturing workers, potentially adding to their heart disease risk [Bang and Kim, 2001; Lee et al., 2007] ; however, NOMS PMRs were adjusted for smoking. A negative social gradient has been associated with coronary heart disease mortality that could help explain some of the elevated acute myocardial infarction mortality in our study. Although NOMS results for elevated risk for acute myocardial infarction are limited by uncontrolled confounding from cholesterol and other lifestyle factors, it is unlikely that the moderate excess and large number of deaths we observed can be explained entirely by lifestyle risk factors. Case-control studies could further investigate these findings by studying risk factors that include cardio toxic exposures and particularly the precipitants of heart attacks, in conjunction with occupational exposure assessments for crop production/farming, textile mill, farm chemicals, and mining industry workers.
Leukemia in Managerial, Sales, Administrative, Financial, and Professional Occupations
A striking finding of significantly elevated leukemia mortality was noted primarily for men working in the financial and public administrative industries (banks/savings & loan/credit agency and insurance) and for white collar occupations (advertising/sales managers) when compared with other male workers. Results are mixed in other studies of leukemia risk that included office workers. Leukemia mortality was reported to be significantly elevated for several white collar occupations in Washington State, including purchasing agents, buyers managers, sales representatives, and insurance agents during 2000-2010 [Milham and Ossiander, 2001] . A small New Zealand case-control study reported that risk was not elevated in administrators and other occupations [McLean et al., 2009] ; and a cancer case control study of acute myeloid leukemia recently reported significantly decreased risk in public administration workers from 1988 from -2007 from [Tsai et al., 2014 . However, German clerical and related office workers had a twofold significant excess of chronic lymphocytic leukemia [Richardson et al., 2008] ; and, an Italian case-control study found a significant doubling in risk for male office managers and directive clerks [Constantini et al., 2001] . Nordic cancer incidence studies found significantly elevated leukemia among male administrators, sales agents, and clerical workers. [Anderson et al., 1999; Pukkala et al., 2009] .
Yet data on possible etiologic agents are scarce. Potential exposure to emissions from office furniture and equipment have been associated with employment in those environments. Early toxicity studies reported significant emissions of carbon black, styrene, and benzene, during the 1970s-1980s from office machines; although, emissions were reduced in the 1990s. Since 2000, nanoparticles (metals) have been reported primarily in association with emissions from laser jet printers and have been associated with increased systemic inflammation and oxidative stress [Elango et al., 2013; Khatri et al., 2013] . In addition, formaldehyde exposure has been associated with emissions from office and other furniture. The International Agency for Research on Cancer classified formaldehyde as a human carcinogen [IARC, 2006] ; although, the National Cancer Institute cohort study of leukemia and formaldehyde producers and product manufacturers observed significantly increased risk for leukemia only at peak exposures [Beane et al., 2009] . Additionally, office workers may work in areas adjacent to production areas where exposure to industrial carcinogens or cardio toxins occur [NIOSH, 1989] . NOMS leukemia PMRs were not adjusted for cigarette smoking, a known risk factor for leukemia [Linet et al., 2006] ; however, white collar workers tend to have less passive exposure to cigarette smoke, as measured by serum cotinine levels among nonsmokers [Wortley et al., 2002; Mohr and Shalat, 2005] , as well as a lower reported prevalence of smoking 1978-1997 than blue collar workers [Lee et al., 2007] .
Socioeconomic status has been associated with higher leukemia rates in white collar workers and may explain part of the excess observed in management and financial occupations [Pulte et al., 2013] . Also, smoking is a risk factor for leukemia, but is not as strong as for heart disease. If it were causing the excess risk observed in the office workers in our study, one might expect to see excess lung cancer in the occupations that have elevated leukemia risk. However, review of NOMS data revealed only three occupations or industries that had significantly elevated lung cancer risk before age 65 in any of the gender/race groups: Black female machinery (except electrical) industry, White female operations specialty managers, and Black female engineers. However, none of these gender/race groups corresponded to those we have reported with significantly elevated leukemia risk. Although US death rates due to leukemia have been slowly declining in recent years, incidence rates have been slowly rising in men, indicating the need for better etiologic data and prevention [ACS, 2007; Kohler et al., 2011] . The persistence of elevated risk in office occupations together with recent information about potential exposures suggest that an evaluation of office workers, leukemia and environmental exposures is warranted.
Male engineers were observed to have very high leukemia risk; however, electrical engineers have been reported at risk of leukemia in several studies of occupations with exposure to electrical or magnetic radiation fields [Loomis and Savitz, 1990; Bethwaite et al., 2001] . A recent retrospective assessment of exposure to chemicals for a microelectronics and business machine manufacturing facility reported that engineers (and machine operators) were among the occupations exposed to solvents and other chemical processing agents and recommended that occupational exposures be reduced [Fleming et al., 2014] .
Leukemia in Protective Services
Black men in protective services occupations were found to have the highest leukemia PMRs that rose to over two-fold risk in the most recent time period. Violanti et al. [1998] reported finding a significantly elevated risk of leukemia in the Buffalo police officers cohort that was highest in officers with 10-19 years of service, but etiology was unknown. The NOMS data for the public safety industry also showed a very high proportionate mortality risk among male protective service officers that increased strongly over time, with over a twofold excess in the most recent time period, 1997, 2003-2004, and 2007 . Risk factors for leukemia in police and other protective services officers should be further investigated and evaluated carefully in analytic studies in order to identify opportunities for prevention.
The purpose of the study was to generate hypotheses about occupational exposures that may cause leukemia and acute myocardial infarction. The NOMS database is one of the few available sources of data that is large enough to evaluate risks for site-specific cancer and chronic occupational disease for small or mobile populations and minority and/or vulnerable workers that have not previously been studied [Ward et al., 1994; Loomis and Schulz, 2000] . The flexibility of the NOMS system allows the user to broadly or narrowly define disease, occupation, and industry; and, permits the examination of risk for a wide range of industries, occupations, and causes of death. The NOMS database is a resource that can be used for initial evaluations of possible occupation-mortality links by the scientific community. NOMS data have contributed to many epidemiologic investigations and have provided a basis for over 140 published studies. Other investigators may access and view all PMR results by 310 industries, 550 occupations, and 350 causes of death on the NOMS website at http://www.cdc. gov/niosh/topics/NOMS/ [NIOSH, 2014] .
Impact of the NOMS Study
Epidemiologists and other scientists have used occupational mortality surveillance data in a number of ways, the most basic being to profile cause-specific mortality by industry and occupation as evidenced by numerous peer reviewed reports. NOMS-based investigations and studies have been used by NIOSH and others as evidence to establish research programs [Robinson et al., 1995] , conduct additional analytic epidemiologic studies and clinical trials [Freedman et al., 1997] , provide support for rulemaking and policy recommendations [CDC, 1995; OSHA, 1997; Luckhaupt and Calvert 2008; ILO, 2010] , and guide more specific studies [Savitz et al., 1998; Park et al., 2005; Sieber et al., 2014] .
Limitations
The limitations of occupational mortality surveillance data have been discussed elsewhere [Checkoway et al., 2004; Robinson et al., 2012] . In brief, mortality data are limited by the misclassification inherent in cause of death, usual occupation, and industry reported on the death certificate, although this tends to lower risk estimates toward the null. Also, statistical limitations in the PMR analysis method can bias risk estimates. For example, if the overall mortality rate of the worker group studied is higher than that of the comparison population, the PMR as an estimator of the SMR or death rate may be artificially decreased . Another bias could arise because a PMR can be affected by disproportionate increased or decreased mortality from other causes of death. For example, very high PMRs due to prevalent large causes such as heart disease or injury can lower cancer PMRs. [Wong and Decoufle, 1980; McDowall, 1983a, b] . Other statistical approaches such as the mortality odds ratio (MOR) may be useful in overcoming some of the limitations [Miettinen and Wang, 1983] . On the other hand, it has been demonstrated that analytically the PMR statistic is equivalent to a relative SMR, that is, the ratio of the cause of death specific SMR to the SMR for all causes of death [Marsh et al., 1987] . Other studies suggest that PMR analysis, when used to estimate rates for population-based studies of workers, may be less biased than SMR (rate-based) analysis-because PMR comparison with a working population limits the impact of the healthy worker effect-that is, all causes mortality in workers is low during the working years compared to the general population due to selection processes in employment [Park et al., 1991; Checkoway et al., 2004] .
Mortality data differ from incidence data and this can result in prevalence-incidence bias that varies by disease [Percy et al., 1981] . The competing risk that results from survival patterns can also alter risk estimates.
CONCLUSION
The elevated risks for acute myocardial infarction mortality in the agricultural chemical manufacturers and wholesale farm supplies industries are new observations and should be confirmed. White males employed in advertising, sales, and managerial occupations and the public administrative and financial industries were noted to have significantly elevated risk of proportionate leukemia mortality that was not fully explained by differences in social status. Elevated levels of formaldehyde, a known leukemogen, have been detected in office settings suggesting a potential association with this outcome. Work is needed to evaluate whether office workers have been exposed to formaldehyde or other leukemogens at levels high enough to cause increased risk for leukemia. Examination by leukemia subtypes may also be informative.
